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Abstract
Wetlands are commonly thought of as transition areas between dry, upland
habitats and deepwater habitats and can be the hydrologic gradient between a dry
landscape and a lake or river, or they be can isolated from a flowing or deepwater system
and completely surrounded by a dry landscape (Tiner 2001). Wetlands provide a
valuable suite of services including providing foraging, nesting and denning habitat for
birds, amphibians and other wildlife (Environmental Law Institute 2008; Stolt, et al.
2001). In southwest Florida, population growth has put enormous pressure on wetland
landscapes. Wetland regulations in the state of Florida make clear that a wetland shall
not be considered impacted by development if an undisturbed buffer averaging 25 feet is
designed around a wetland (and minimum of 15 feet) remains (Southwest Florida Water
Management District, Basis of Review, 2011). Four small (2-4 acre) palustrine emergent
wetlands in Sarasota County, Florida were selected for analysis of their function as bird
habitat by conducting avian surveys. Two of these wetlands are control wetlands (no
development within one half mile) and the other two are urban (nearby residential
development, with a 25 foot average buffer). There was no statistically significant
difference between the median abundance and species richness of total birds found
within, flying over or adjacent to the control and urban wetlands during the marsh bird
breeding (dry) season (Mann-Whitney U: χ2 = 0.1656; p = 0.6841 and χ2 = 0.8614; p =
0.3533respectively). This study also found no statistically significant evidence that small
palustrine emergent wetlands in southwest Florida surrounded by a natural landscape
iv

support a greater abundance or species richness of marsh birds than similar wetlands
surrounded by a small upland buffer and urban development. Factors such as the absence
of water and the presence of a predator (coyote) likely contributed to this result, but these
factors require further investigation before one can conclude that small upland buffers
surrounding urban wetlands are sufficient for maintaining marsh bird populations.
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Chapter One: Introduction
Wetlands are commonly thought of as transition areas between dry, upland
habitats and deepwater habitats and can be the hydrologic gradient between a dry
landscape and a lake or river, or they be can isolated from a flowing or deepwater system
and completely surrounded by a dry landscape (Tiner 2001). They are influenced by
freshwater inputs such as runoff from rainfall or groundwater, and support vegetation
adapted to periodically saturated soils including a variety of grasses, sedges, shrubs, and
trees. These transitional systems can also be influenced by tidal patterns and support
vegetation adapted to saline water, such as mangroves. In the United States, wetlands
were originally defined by farmers and early colonists as portions of the landscape not
permanently covered by water, but inundated frequently enough to prevent the cultivation
of crop plants (Lewis 2001).
Wetlands provide a valuable suite of services to human communities: they can
provide flood-water storage, buffer storm surges, trap sediments, recharge groundwater,
act as sinks for various non-point source pollutants, provide nurseries for shellfish and
fish and provide foraging, nesting and denning habitat for birds, amphibians and other
wildlife (Environmental Law Institute 2008; Stolt, et al. 2001). Depending on the type of
wetland, the spatial relationship of a wetland in a landscape and the seasonal variability
(including climate and rainfall patterns) due to a wetland’s geographic location, these
environments may provide one, some or all of the functions listed above.
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The importance of wetlands has not always been valued. Between the 1850s and
the 1970s, federal government programs were designed to eliminate wetlands and convert
the land to “productive” urban or agricultural uses (Lewis 2001; Vileisis 1997). After
legislation such as the Clean Water Act of 1972, the federal government, for the first
time, began to regulate wetlands through the establishment of a wetland permitting
program. In 1988, President George H.W. Bush embraced a policy of “No-Net Loss” of
wetlands, a policy endorsed by every president since. The policy, which does not have
the force of law, suggests that wetlands should be protected, but in cases where they are
destroyed, additional wetlands should be created or restored. Although “No-Net Loss” is
sufficiently vague that it can mean different things to different people, widespread
wetland destruction is no longer accepted (Lewis 2001; Vileisis 1997).
One of the more important wetland functions is that they provide habitat for
nesting and foraging birds. For example, duck hunting has long been a favorite
recreational activity among outdoor enthusiasts and the economic benefits of bird
watching are an important aspect of a growing ecotourism niche in many communities.
In southwest Florida, population growth has put enormous pressure on wetland
landscapes. Wetland regulations in the state of Florida make clear that a wetland shall
not be considered impacted by development if an undisturbed buffer averaging 25 feet
around a wetland (and minimum of 15 feet) remains (Southwest Florida Water
Management District, Basis of Review, 2011). Wetland bird studies (Semlitsch 2003,
Rogers 1995, Jones Edmunds and Associates 1999) suggest calculating an effective
buffer based on the types of birds utilizing a wetland system instead of relying on a
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uniform buffer size for all wetland types. Such a detailed policy might not be feasible,
but Florida’s current buffer requirements are not supported by ecological studies.
My hypothesis is that urban wetlands support a smaller, less diverse avian
(specifically marsh bird) population than similar wetlands in a natural landscape. The
results of this research can be used to examine Florida’s wetland policy and its
effectiveness at promoting no net loss of wetland functions and values.
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Chapter Two: Literature Review
Wetland Classification
At the broadest level of generalization, Cowardin (1982) contends that there are
two ways to categorize wetland basins: as areas or as physiognomy. The area concept
classifies sections of wetlands with homogenous characteristics (water depth, vegetation,
biology) whereas the physiognomy classification system takes the entire wetland area
within a landscape and characterizes the individual wetland by its deepest zone. This
physiognomy characterization occurs even though characteristics within a wetland area
are not homogenous (Cowardin 1982).
Contemporary wetland classification is dominated by the presence or absence,
and subsequent characterization of hydrophytic vegetation. The definition of
hydrophytes has evolved from vegetation that occurs in permanently flooded areas to
plants that grow in water or saturated soils (Tiner 2001). The latter definition includes
wetlands that do not permanently contain water but rather fluctuate between being full of
water during wet periods and being completely dry at other times of the year. Tiner
(2001) recognizes that there are important aspects in classifying wetlands other than
vegetation, including landscape position, soils and hydrology.
In the late 1970s, Lewis M. Cowardin led a team of federal government scientists
who worked closely with people from state and local agencies as well as the private
sector, in the production of a detailed wetland classification system (Cowardin et al.
1979). Cowardin et al.’s Classification of Wetlands and Deepwater Habitats of the
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United States (Cowardin Classification System, or Cowardin et al.) breaks habitat types
into Systems, Subsystems, Classes and Dominance types. The five types of wetland
systems are marine, lacustrine, palustrine, riverine and estuarine. The palustrine system
(the subject of the case study in this thesis) is defined by Cowardin et al. (1979) as having
the following characteristics: these wetlands 1) have an area of less than 20 acres; 2) lack
active wave-formed or bedrock shoreline; 3) have a water depth in the deepest part of the
basin of less than 6 feet at low water; and 4) have a salinity due to ocean-derived salts of
less than 0.5% (the Florida Department of Environmental Protection classifies sea water
as having a salinity of 3.5%). Although palustrine systems do not have a subsystem in
the Cowardin Classification System, they may be divided into a class based on the
following vegetation characteristics: aquatic bed, moss-lichen wetland, emergent
wetland, scrub-shrub wetland or forested wetland. Palustrine-emergent wetlands
(sometimes also called freshwater marshes) are characterized by erect, rooted and
herbaceous hydrophytes, excluding mosses and lichens, present during a majority of the
growing season (Cowardin et al. 1979).
The Florida Natural Areas Inventory (FNAI) was initially established in 1981 as
an arm of the Nature Conservancy. As the scope of services offered by FNAI grew, the
branch became a separate, non-profit organization run by Florida State University. The
FNAI staff consists of biologists, botanists, planners, zoologists and geographers who
provide a variety of services to public and private sector clients, including natural
resources inventory, ecospatial analysis, conservation planning and ecological
monitoring. The FNAI classifies distinct groups of plants, animals, fungi and
microorganisms that are naturally associated with each other and their environment, and
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they use the same “system” categorization as the Cowardin Classification System to
provide broad wetland community categories. However, the FNAI provides more
options at the class level than the Cowardin Classification System and therefore provides
a greater second level of detail in classifying palustrine systems (Florida Natural Areas
Inventory 2010).
In the FNAI classification system, depression marshes and basin marshes are
synonymous with the term freshwater marsh. Freshwater marshes are characterized by
concentric bands of vegetation, which represent the delineation of different hydrologic
regimes. The outer edge is typically the drier (and less frequently inundated) portion of a
freshwater marsh, characterized by erect, rooted and herbaceous hydrophytic vegetation
including longleaf threeawn (Aristida palustris), beaksedges (Rhynchospora sp.), Elliot’s
yellow-eyed grass (Xyris elliotti), St. John’s wort (Hypericum sp.) and blue maidencane
(Amphicarpum muhlenbergianum) or sand cordgrass (Spartina bakeri). The marsh
elevation gradually decreases from the edge toward the center (deep zone), where erect,
rooted and herbaceous vegetation is typically dominated by maidencane (Panicum
hemitomon), pickerelweed (Pontederia cordata), bulltongue arrowhead (Sagittaria
lancifolia), or sawgrass (Cladium jamaicense). Floating plants such as white waterlily
(Nymphaea odorata) are common in open water portions (Florida Natural Areas
Inventory, 2010).
The vegetation in drier portions of freshwater marshes requires a period of drying
out during the year. Too much inundation (depth, duration, frequency, and timing) of
drier zones may cause vegetative species mortality, specifically for St. John’s wort.
Since it is drier, the outer edge vegetation is susceptible to burning in fire-prone
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landscapes. In the absence of burning or an alteration in hydrology resulting in increased
inundation, freshwater marshes are vulnerable to invasive, exotic or shrubby wetland
species such as cattails (Typha sp), buttonbush (Cephalanthes occidentalis), or primrose
willow (Ludwigia peruviana) (Florida Natural Areas Inventory 2010).
Hydrology
Wetlands receive water in a number of different ways, including direct rainfall,
groundwater discharge and upland runoff, and they lose water through evapotranspiration
(ET), groundwater seepage and overflow discharge (Voldseth et al. 2007). The presence
and type of vegetation in adjacent upland habitats affects the amount of water reaching a
wetland. For example, hardpacked clay without vegetation allows more water to runoff
its surface than a grassy cow pasture. Adverse impacts from supplemental water, such as
sedimentation and altered water chemistry, may result when a basin contributing water to
a wetland is used for agriculture (Voldseth et al. 2007).
The effects of urbanization on groundwater hydrology are debated among
hydrologists, however experts agree that there is a marked difference in shallow, water
table groundwater hydrology in urban landscapes relative to natural landscapes (Barron,
Barr, and Donn 2012). Urbanization causes a complex network of changes to the water
budget in a catchment. Efforts to model surface and groundwater flow systems usually
attempt to simplify the interactions between factors so they rarely integrate surface water
and groundwater relationships within a catchment (Barron et al. 2012).
Changes in the vegetative cover of landscapes adjacent to seasonally flooded
wetlands can lead to the succession of wetlands into uplands (Van Der Kamp et al. 1999).
This occurs when ET demands in a wetland are greater than the combined inputs from
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upland runoff and shallow groundwater (Voldseth et al. 2007). Since wetlands are often
transitions between uplands and permanently inundated areas, and seasonally-flooded
wetlands rely on seasonal rainfall, a year or two of drought combined with increased ET
can cause the desiccation of soils and the encroachment of upland vegetation.
Small, isolated wetlands comprise a majority of natural wetlands in the
Southeastern United States (Semlitsch and Bodie 1998). These wetlands are important in
maintaining amphibian populations, as their lack of a permanent pool prohibits the
establishment of freshwater fish, which commonly prey on larval stage amphibians
(Means 2008). The high density of seasonally inundated wetlands mitigates the potential
that a particular species (especially amphibian) may be wiped out by reproductive failure
at an individual wetland (Semlitsch and Bodie 1998; Semlitsch and Bodie 2003).
Marsh Birds
Marsh birds are avian species that are dependent on, and found almost exclusively
in, marsh habitats. Many marsh bird species are secretive; they utilize cryptics and
concealment. These species frequently feed on small fish and mollusks as well as insects
(mosquitoes, spiders, and larvae), pond weed, grains, frogs, bird eggs and tadpoles.
Species primarily found in North America include King Rails (Rallus elegans), Clapper
Rails (Rallus longirostris), Virginia Rails (Rallus limicola), Soras (Porzana carolina),
Black Rails (Laterallus jamaicensis), Yellow Rails (Coturnicops noveboracensis),
American Bitterns (Botaurus lentiginosus), Least Bitterns (Ixobrychus exilis), Pied-billed
Grebes (Podilymbus podiceps), Limpkins (Aramus guarauna), American Coots (Fulica
americana), Purple Gallinules (Porphyrula martinica), and Common Moorhens
(Gallinula chloropus) (Conway 2009).
8

Marsh birds often serve as “indicator species” for assessing wetland health. A
lack of abundance and species richness of marsh birds in a wetland may indicate a
negative impact due to contamination, introduction of invasive plant species, alteration in
vegetative composition, changes in wetland hydrology or alteration of the fire regime.
For example, declining wading bird populations were an important indicator of
ecosystem decline in the Florida Everglades during the early 1900s. Today, wading birds
are an important focal species for judging the effectiveness of Everglades restoration
projects (Crozier and Gawlick 2003).
Marsh bird populations in wetlands are also influenced by the presence and
growth pattern of plants, especially invasive plants (Conway 2009). Increases in
vegetative density are proportional to increases in ecosystem structural complexity.
Increases in wetland structural complexity have been found to reduce prey vulnerability
to avian predation, therefore wading bird foraging success is greater in more open
habitats. The reason for this appears to be that birds expend less energy per unit time
foraging in more open wetland habitats. Wading birds can also be found foraging
between the deep zone and transition zone of freshwater marshes. This likely occurs
when the abundance of prey outweighs the energy expenditure benefits of foraging in less
dense vegetation. The creation and maintenance of wetland habitats by people, which
provide high quality foraging sites, are essential when regional hydrologic conditions are
not optimal, especially during drought (Pierce 2010).
Wading birds breed during the dry season in southern Florida. During this time
period, aquatic organisms concentrate in areas where water is available, so these areas are
important foraging locations for nesting wading birds (Crozier and Gawlick 2003).
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Accordingly, wading birds are sensitive to water-level fluctuations. One south Florida
study found that wading bird foraging over an 11-year period was inversely proportional
to the water level in Lake Okeechobee, with optimal nesting occurring when the lake’s
littoral marshes were inundated (David 1994). The study also found that during high
water, wading birds were more likely to utilize the shallower water present in nearby
creeks or sloughs. Studies have shown that most wading birds require shallow water to
forage successfully. For instance, small herons and egrets require less than 5.9 inches
while great blue herons and wood storks can successfully forage in less than 9.8 inches of
standing water (Custer and Osborne 1978). Indeed, white ibis successfully forage in
water less than 3.9 inches deep (Kushlan 1974). The reason for these maxima appears to
be related to the beak size of wading birds.
Small, isolated and seasonal wetlands are important habitats for several species of
amphibians with eggs and/or larvae that serve as food for sandhill cranes (Grus
canadensis), white ibis (Eudocimus albus), wood storks (Mycteria americana) and snail
kites (Rostrhamus sociabilis ) (Moler and Franz 1987; LaClaire and Franz 1990).
Sandhill cranes are known to make use of small wetlands for nesting during unusually
wet years (Walkinshaw 1981). For example, one 1.25-acre pond in North Florida
supports several hundred nesting pairs of wading birds (Moler and Franz 1987).
Bird Populations
Studies of bird populations have shown that birds survive in areas where they can
find a niche. The greater the number of niches at a particular location, the greater the
bird species richness at that location. Bird species richness can be thought of spatially,
with niches occurring horizontally and vertically. The presence or absence of bird
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species in vertical niches is dependent on the presence or absence of vegetation
(groundcover, shrubs, and trees) in the three vertical layers available to birds (MacArthur
and MacArthur 1961; MacArthur, MacArthur, and Preer 1962; Telleria 1994; Guillaumet
2011).
MacArthur and McArthur (1961) also realized that one acre of habitat generally
supports three or four pairs of nesting birds. Therefore, when studying bird species
richness, the size of the study area must be carefully selected. The greater the size of a
study area, the greater the expected richness of bird species. These scholars also showed
that bird species richness was consistent among habitats with a similar vegetative profile
(Telleria 1994, Guillaumet 2011, McDermott et al., 2011).
Another dimension in breeding bird population richness is climate. Places with a
mild climate and little temperature fluctuation (such as in the tropics) provide the
opportunity for birds to stagger their breeding throughout the year. Staggered breeding
can theoretically lead to a greater species richness of breeding birds during the year.
Temperate climates often provide opportunities for breeding during a smaller percentage
of the year (4 to 7 out of 12 months as opposed to all 12 months) than tropical climates.
An extended breeding season allows an individual to participate in multiple nesting
opportunities in cases of predation or other failure (MacArthur and McArthur 1961).
Klopfer and MacArthur (1960) found that non-passerines are less able to adapt and
exploit niches that differ from their optimal conditions. Therefore, non-passerines are less
able to utilize a diversity of niches and are more likely to only nest and forage in
conditions that are optimal for their physiologic needs. Passerines are birds classified in
the order Passeriformes and are characterized by having four toes, three forward and one
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back. Passerines are mostly synonymous with the term songbird in North America and
comprise approximately 60% of all bird species (Ehrlich et al. 1988). McDermott et al.
(2011) used elevation as a surrogate variable for climate in mountainous habitats (higher
elevation lead to a greater range of temperatures during the day) and they found a strong
relationship between elevation and avian diversity. Indeed, McDermott et al. discovered
that avian diversity increased with increased elevation.
Studies suggest that as niche size increases, less specialized birds should increase
in abundance within the niche (Klopfer and MacArthur 1960). Klopfer and MacArthur
found that the abundance of passerines was greater per 100 acres in both temperate and
tropical climates than the abundance of non-passerines, and passerines were better able to
expand their niche (less specialization leads to a greater ability to adapt in foraging and
nesting) in temperate environments where climate varies more widely than tropical
environments.
Nesting Bird Predation
Birds utilize palustrine emergent wetland systems to, among other things, mitigate
the risk of predation at nesting sites. The presence of standing water in deep freshwater
marshes deters many terrestrial predators from preying on nesting sites in trees situated in
deep pools. One study found that predation in marshes generally occurs less frequently
than in uplands; however, of the predation that occurs in marshes, the highest percentage
occurs when the water is between 0 and 7.9 inches deep (Picman, et al. 1993). Avian
predators identified in shallow regions of freshwater marsh wetland systems include:
American Crows (Corvus brachyrhynchos), Blue Jays (Cyanocitta cristata), Raccoons
(Procyon lotor) and Gray Catbirds (Dumetella carolinensis). In deepwater zones of
12

palustrine emergent wetland systems (greater than 40 cm depth), Marsh Wrens have been
found to be the most significant predator of marsh bird eggs and juveniles (Picman, et al.
1993).
In addition to wetland nesting strategies some marsh bird species nest in upland
areas using crypticity and nest concealment to avoid predators. Cryptic nesting involves
using camouflaging or other techniques to have the nest and/or eggs blend into the
surroundings. Nest concealment is when a bird hides the nest behind, over or under
another object (Picman, et al. 1993; Rogers and Smith 1995). Common wetland nesting
strategies include elements of upland strategies as well as increased density of breeding
individuals for improved predator detection and adapted defensive disposition of
individuals to aggressively remove potential predator birds.
Coyotes (Canis latrans) are a relatively new predator in the Southeastern United
States. Schrecengost et al. (2008) documented that coyotes have a highly variable diet,
consisting mostly of plant material (when available) and, to a lesser extent, birds and
mammals such as deer and pigs. Although research has shown that birds are a small
percentage of their diet, birds (including bird eggs) are most frequently found in coyote
scat in the month of May. This time period corresponds with the nesting season of birds
in the Southeast (Schrecengost et al. 2008).
Wetland Policy
Florida faces greater development pressures than most states in the nation. The
Sunshine State trails only California, Texas and New York as the fourth most populous
state, and since 1970, the average rate of population increase by decade has ranged from
17.5% to 43% (Smith 2010). This influx of residents has resulted in a loss of
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approximately 50% of the state’s original wetland area (Dahl 2005; Environmental Law
Institute 2006). Research has shown that approximately 72% of wetland losses between
1985 and 1996 are directly attributed to urban and rural development (Dahl 2005;
Environmental Law Institute 2006).
Significant environmental policy in the United States began in earnest with the
National Environmental Policy Act of 1969. The dredging and filling of wetlands has
been regulated by the federal government since 1972, when Congress added Section 404
to the Federal Water Pollution Control Act (often called the Clean Water Act). Section
404 created a program to regulate the dredging or discharge of fill material into waters of
the United States (including wetlands). President Jimmy Carter extended federal wetland
policy in May 1977, when he signed Executive Order 11990. This Executive Order
mandated that any project undertaken or funded by the federal government should avoid
new construction within wetlands unless the head of the agency determines that there are
no practicable alternatives (Lewis 2001).
Starting in 1988 and extending into late 1989, a group of lawmakers, farmers,
environmentalists, business leaders and academics participated in a National Wetlands
Policy Forum to discuss federal wetland policy. This forum introduced the concept of
“No Net Loss” of wetlands. Some people interpret “No Net Loss” to mean no net loss of
wetland acreage, such that 10 acres of wetlands impacted in one place are replaced by at
least 10 acres somewhere else. Yet most regulators define the phrase to mean no net loss
of wetland functions and values. In this case, 10 acres of wetlands could be effectively
replaced by five acres of wetlands if the five restored or created acres provide the same
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function(s) as the 10 destroyed acres (Lewis 2001). “No net loss” is not a law; it is
merely a policy direction that federal and state government agencies try to implement.
Prior to construction, developers in Florida must receive approval from state and
federal government entities and sometimes even local governments. Federal and state
authorizations require a joint application for a federal and state construction permit,
which is reviewed independently by each respective agency. The U.S. Army Corps of
Engineers reviews each application for the project’s compliance with Section 404 of the
Clean Water Act while the appropriate state Water Management District reviews
applications for a proposed project’s compliance with Chapter 373 of the Florida
Statutes. In broad terms, Chapter 373 outlines Florida’s policy regarding water
resources, including wetlands. If impacts to wetlands are determined to be unavoidable
for a development site, the functions and values of wetlands to be impacted are calculated
using a non-parametric assessment called the Uniform Mitigation Assessment Method, or
UMAM.
Those assessing wetland functions using the UMAM rank the subject wetland on
a scale from 1-10 in the following categories: location, water environment and
community structure. A score of 1 indicates that the area is classified as a wetland but
does not adequately perform any of the functions of the wetland type being scored. A
score of 10 indicates that the wetland is optimally performing the functions of the
wetland type being scored. Each of the three categories has specific criteria, which are to
be evaluated when determining a score. These criteria are outlined in Section 62-345 of
the Florida Administrative Code (F.A.C.). Once a score is obtained for each category,
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they are averaged to produce a number, which is multiplied by the acres of wetlands
impacted to determine the functional loss.
The loss of functions that occur when a wetland is impacted must be mitigated for
in some fashion. Wetland mitigation is the act of replacing the functions and values of a
wetland in one location by creating, restoring, or enhancing those functions and values at
another location. In an ideal world, wetland mitigation will occur close to impacted sites,
but this is not always possible. The main forms of wetland mitigation are wetland
enhancement, restoration, and creation. Since wetland enhancement typically involves an
existing wetland with an established hydroperiod, enhancement is generally considered a
low risk proposition because it involves the removal of nuisance or exotic species and
supplemental planting of native wetland plants. Wetland creation involves reshaping the
landscape to build wetlands from areas that are currently uplands. For those that interpret
“no net loss” of wetlands as acre for acre, wetland creation is the preferred mitigation
option. However, wetland creation is the riskiest mitigation option, because it involves
establishing a proper wetland hydroperiod and natural recruitment and succession of
wetland vegetative species—all from a site that used to be upland. Wetland restoration is
taking a historically wetland area that is now an upland and converting the area back to a
wetland. This option is generally preferred by many authorities because historical
evidence (soils, elevations, previous aerial interpretation) can be used to recreate the
wetland. Wetland enhancement and creation generally occur within a developed project
site and involve monitoring for a period of five years. Wetland restoration ideally occurs
onsite, however restoration sites are oftentimes identified offsite or on public lands. A
wetland mitigation bank is a site where wetlands have been either restored or created and
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are preserved in perpetuity. Mitigation banks can be created by private firms seeking
profit or by government agencies (such as departments of transportation) that impact
wetlands and need to mitigate damage to wetlands. Wetland “bankers” buy land for the
express purpose of creating or restoring wetlands. The increase in wetland functions that
result from the restoration or creation are then sold as credits to developers or other
parties who are impacting wetlands elsewhere.
Wetland Buffers
An important aspect of wetland protection is the maintenance of an undisturbed
wetland buffer. Wetland buffers are undisturbed upland areas surrounding wetlands that
prevent secondary impacts from anthropogenic noise and lighting as well as reduce the
“edge effect” of development adjacent to wetlands. The edge effect is a diverse physical
and biotic alteration associated with artificial boundaries from habitat fragmentation. The
edge effect leads to an adverse impact of the distribution, abundance and behavior of
organisms (Laurance et al. 2007). The lack of a buffer around a wetland may reduce the
number of marsh birds using a wetland and impact the use of marsh birds as an indicator
of wetland health. As development surrounds a wetland, the edge effect increases and
wetland dependent birds are subject to greater nest predation. Batary and Baldi (2004)
found that marshes subjected to development pressure had significant negative impacts
on avian nesting success.
Road construction can reduce wetland biodiversity due to habitat fragmentation.
Roads often enable subsequent development, which might take a couple of decades after
a new road is open. Yet significant impacts to herpetofauna and avian populations may
occur less than eight years after roadway construction (Findlay and Bourdages 2000).
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Wetland buffers are a way to minimize the edge effect and maintain wetland
functions. Buffers may remove sediments and pollutants from surface water runoff
before it reaches a wetland; moderate surface water runoff temperature before it reaches a
wetland; provide organic matter to a wetland; maintain habitat for aquatic, semi-aquatic
and terrestrial wildlife; and serve as a corridor, linking wetland systems to other natural
environments (Environmental Law Institute 2008). A previous study by Jones Edmunds
and Associates (1999) indicates that only 20% of wildlife species that utilize freshwater
marshes in Central Florida require an adjacent natural upland buffer of up to 50 feet. The
same study indicates that 50% of wildlife species in Central Florida marshes require an
adjacent upland buffer of up to 300 feet and 90% of wildlife species that utilize
freshwater marshes in Central Florida require an adjacent upland buffer up to 700 feet
(Jones Edmunds and Associates 1999).
Different avian species require different size wetland buffers. Wading birds that
nest in trees (such as Great Blue Herons (Ardea herodias) and Great Egrets (Ardea alba)
flush at a closer distance (fly away when a disturbance is closer to them) than marsh birds
or wading birds that nest on the ground or under vegetation (such as the Little Blue Heron
(Egretta caerulea), Tricolored Heron (Egretta tricolor) and Snowy Egret (Egretta thula) .
The reason for this is likely that wading birds nesting in trees are protected from
terrestrial nest predators and have a better vantage point from which to detect potential
predators (Rogers and Smith 1995). Furthermore, studies have shown that the type of
disturbance plays a role in the flushing distance of wading birds. For example, Brown
Pelicans (Pelecanus occidentalis), which coexist with humans in coastal and marine
habitats, are flushed at a further distance by boat traffic than human foot traffic. Herons
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and egrets are generally the opposite; they flush at a further distance by foot traffic
(Rogers and Smith 1995). Rogers and Smith (1995) recommend calculating a required
set back (buffer) distance for each individual species and specific disturbance type
(vehicle vs. foot traffic) by determining a mean flush distance, and then expanding this by
two standard deviations and adding another 40 meters. There is no published literature
that suggests a 25-foot undisturbed wetland buffer is sufficient for maintaining avian
populations.
Wetland Buffers in Florida
This study’s purpose is to determine whether there is a difference between the
avian abundance or species richness in southwest Florida wetlands surrounded by
development and wetlands surrounded by a natural landscape. Research suggests
undisturbed upland buffers greater than 100 feet are necessary for protecting avian
species that depend on wetlands in southwest Florida (Jones Edmunds and Associates
1999) and supports the idea that wetland buffers should be calculated based on wetland
type and characteristics (specifically flushing distance) of species known to utilize each
wetland (Semlitsch 2003, Rogers 1995, Jones Edmunds and Associates 1999).
The language of the state’s policy is the same for each of Florida’s five Water
Management Districts and is referenced accordingly: section 12.2.7 of the Saint Johns
River Water Management District’s Management and Storage of Surface Waters
Handbook (SJRWMD MSSW Handbook); section 12.2.7 of the Suwannee River Water
Management District’s Environmental Resource Permit Applicant’s Handbook (SRWMD
ERP Handbook); section 3.2.7 of the Southwest Florida Water Management District’s
Basis of Review (SWFWMD BOR); section 4.2.7 of the South Florida Water
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Management District’s Basis of Review (SFWMD BOR); and section 10.2.7 of the
Northwest Florida Water Management District’s Environmental Resource Permit
Applicant’s Handbook (NWFWMD ERP Handbook). This policy states:
“Secondary impacts to habitat functions of wetlands associated with adjacent upland
activities will not be considered adverse if buffers, with a minimum width of 15 feet and
an average width of 25 feet are provided abutting those wetlands that will remain under
the permitted design, unless additional measures are needed for protection of wetlands
used by listed species for nesting, denning, or critically important feeding habitat. The
mere fact that a species is listed does not imply that all of its feeding habitat is critically
important.”
Therefore, the central research question of this thesis is: does Florida’s current
wetland policy, requiring average and minimum buffers of undisturbed land around
wetlands, adequately support the federal policy of “No-net loss” for wetland bird
habitats? Based on an extensive literature review and years of experience in the field, I
hypothesize that wetland bird habitats are adversely impacted even when an undisturbed
buffer of 25 feet remains. This study focuses on bird habitat; however, previous research
(Crozier and Gawlick 2003) indicates that wading birds are an effective indicator of
overall wetland health.
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Chapter Three: Methods and Materials
Study Sites: Four palustrine emergent wetlands in Sarasota County, Florida were
selected for analysis of their function as bird habitat by conducting avian surveys. Two of
these wetlands are in rural areas and served as control wetlands, and the other two are in
urban settings. Each wetland is small, approximately the same size (2-4 acres) and all are
classified as palustrine emergent wetlands according to the Cowardin Classification
System. Control wetlands have no development within a half-mile radius and the urban
wetlands have nearby development but an undisturbed upland buffer (15 foot
minimum/25 foot average) between the wetland and the developed property.
Wetland 1 (Control)
Wetland 1 (Control) is a palustrine emergent wetland of approximately two acres
in Myakka River State Park (Figure 1). There is a dirt path approximately 100 feet to the
west of Wetland 1 but there is no other development within a half-mile of the wetland
system. Clark Road, a major two-lane highway is more than two miles away. At its
nearest point, Lake Myakka is approximately 1480 feet to the east, and an improved
cattle pasture is more than a half-mile to the west. Table 1 provides a qualitative measure
of the vegetative composition in Wetland 1 and its buffer.
Wetland 2 (Control)
Wetland 2 (Control) is a palustrine emergent wetland of approximately 3.5 acres in
Myakka River State Park (Figure 2) There is a dirt path that extends to the wetland from
the north but there is no other development within a half-mile of the wetland system.
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Clark Road, a major two-lane highway is more than a mile away. At its nearest point,
Lake Myakka is about a half-mile to the east and an improved cattle pasture is more than
a half-mile to the west. Table 2 provides a qualitative measure of the vegetative
composition in Wetland 2 and its buffer.
Table 1. Dominant vegetation in Wetland 1 (Control).
Wetland 1 – Groundcover
Wetland or Buffer

Wetland

Buffer

Common Name (Scientific Name)
Maidencane (Panicum hemitomon)
St. John’s wort (Hypericum facitulatum)
Yellow-eyed grass (Xyris sp)
Soft rush (Juncus effusus)
Broomsedge (Andropogon virginicus)
Beaksedges (Rhynchospora sp)
blue maidencane (Amphicarpum muhlenbergianum)
Saw palmetto (Serenoa repens)
Galberry (Ilex glabra)
Fetterbush (Lyonia lucida)

Percent
Cover
20
20
20
20
10
5
5
90
5
5

Table 2. Dominant vegetation in Wetland 2 (Control).
Wetland 2 – Groundcover
Wetland or Buffer

Wetland

Buffer

Common Name (Scientific Name)
Maidencane (Panicum hemitomon)
St. John’s wort (Hypericum facitulatum)
Yellow-eyed grass (Xyris sp)
Soft rush (Juncus effusus)
Broomsedge (Andropogon virginicus)
Beaksedges (Rhynchospora sp)
blue maidencane (Amphicarpum muhlenbergianum)
Saw palmetto (Serenoa repens)
Galberry (Ilex glabra)
Fetterbush (Lyonia lucida)
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Percent
Cover
20
20
20
20
10
5
5
90
5
5

Figure 1. Aerial map of Wetland 1

23

Figure 2. Aerial map of Wetland 2
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Wetland 3 (Urban)
Wetland 3 (Urban) is a palustrine emergent wetland system of approximately 3.8
acres, bound by residential development to the north and a major two-lane road (Clark
Road) to the south (Figure 3). The Southwest Florida Water Management District
permitted an adjacent development called “Saddlebag Oak Estates” in February 1993. A
review of the supporting application materials for this development reveals that
secondary impacts were not assessed to this wetland because the minimum 15-foot and
average 25-foot upland buffer has been maintained in its natural state despite nearby
development. Table 3 provides a qualitative measure of the vegetative composition in
Wetland 3 and its buffer.
Table 3. Dominant vegetation in Wetland 3 (Urban).
Wetland 3 – Groundcover
Wetland or Buffer

Wetland

Buffer

Common Name (Scientific Name)
Maidencane (Panicum hemitomon)
St. John’s wort (Hypericum facitulatum)
Yellow-eyed grass (Xyris sp)
Soft rush (Juncus effusus)
Broomsedge (Andropogon virginicus)
Beaksedges (Rhynchospora sp)
Pickerel weed (Pontederia cordata)
Wax myrtle
Carolina Willow
Salt bush
Brazilian Pepper
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Percent
50
10
5
5
15
5
10
50
40
5
5

Figure 3. Aerial map of Wetland 3
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Wetland 4 (Urban)
Wetland 4 (Urban) is a palustrine emergent wetland system of approximately 2.2
acres bound by residential development to the south and a major two-lane road (Clark
Road) to the north (Figure 4). The Southwest Florida Water Management District
permitted the adjacent development called “Preserve at Heron Lake” in May 2005. Once
again, a review of the supporting application materials reveals that secondary impacts
were not assessed to this wetland because the minimum 15-foot and average 25-foot
upland buffer has been maintained in its natural state despite nearby development.
Table 4. Dominant vegetation in Wetland 4 (Urban).
Wetland 4 – Groundcover and shrubs
Wetland or Buffer

Wetland

Buffer

Common Name (Scientific Name)
Maidencane (Panicum hemitomon)
St. John’s wort (Hypericum facitulatum)
Yellow-eyed grass (Xyris sp)
Soft rush (Juncus effusus)
Broomsedge (Andropogon virginicus)
Beaksedges (Rhynchospora sp)
Button bush (Cephalanthus occidentalis)
Wax myrtle (Myrica cerifera)
Dahoon holly (Ilex cassine)
Brazilian Pepper (Schinus terebinthifolus)
Sand cord grass (Spartina bakerii)
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Percent
50
10
5
5
15
5
10
60
20
10
10

Figure 4. Aerial map of Wetland 4

28

Study Design: To isolate the upland buffer as the variable between control and
impacted wetlands, I recorded relative water depth data for each wetland by visiting
each wetland site in the same sequence each observation day. Also, a one-time
qualitative visual inspection of vegetation within each wetland and wetland buffer was
performed before data collection to insure consistency with the wetland classification.
This inspection formed the basis of Tables 1 through 4. The qualitative assessment
consisted of walking random transects within the wetland and documenting the
approximate percentage of each plant species. Site conditions were recorded during each
observation period, including approximate air temperature, percentage of cloud cover,
relative wind speed, and background noise.
Ten avian surveys were conducted during the relatively dry, marsh bird-nesting
season (March 15 – April 30, 2012), as approximated by Conway (2009) for southwest
Florida (Figure 5) and three avian surveys were conducted during the region’s wet season
(June 15 – October 1, 2012). For the bird surveys, I utilized the North American Marsh
Bird Monitoring Program Protocol (Conway, 2009) and began every survey
approximately two hours before sunset. Each wetland was visited on the same days and
in the same order. The progression of avian surveys at study locations followed the same
sequence: Wetland 1 (Control), Wetland 2 (Control), Wetland 3 (Urban) and Wetland 4
(Urban). Surveys were not performed if wind speeds exceeded 10 mph, or air
temperatures were below freezing, or during rain events, as these conditions would
inhibit proper identification of avian species (Emery 2009).
Wetlands were approached by foot and the same observation point was used each
time. Pursuant to the North American Marsh Bird Survey Protocol, the first five minutes
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Figure 5. Marsh bird nesting season

were used to engage in silent passive observation, with a pair of binoculars. The next
eight minutes consisted of the playback of marsh bird calls using an Apple IPOD and
Home System IPOD docking station with speakers to play an MP3 assembled by
Christopher Nadeau at the University of Arizona, specifically for the study sites in
Sarasota County. Nadeau is a wildlife biologist working in the lab of Dr. Courtney
Conway (primary author of the North American Marsh Bird Survey Protocol) and is co-
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author with Conway on various peer-reviewed journal articles on marsh bird surveying.
Each individual species call sequence lasts approximately one minute. The following
sequence of calls was followed at each wetland site: Black Rail (Laterallus jamaicensis),
Least Bittern (Ixobrychus exilis), King Rail (Rallus elegans), Common Moorhen
(Gallinula galeata), Purple Gallinule (Porphyrio martinicus), American Coot (Fulica
Americana), Pied Bill Grebe (Podilymbus podiceps), and Limpkin (Aramus guarauna).
These species of birds are known to breed in southwest Florida wetlands during the
selected time period (Conway 2009). As established in the Marsh Bird Survey Protocol,
the total observation period was 13 minutes for each wetland site; observations occurring
before or after the 13-minute period were noted but not included in the analysis (Figure
6).
Data Collection: Total species abundance and species richness of nesting and
foraging birds was recorded on an excel spreadsheet. Notes were made regarding
whether each bird surveyed was inside or outside the wetland, and whether each bird was
identified by call, or seen flying over the wetland or adjacent to the wetland. The mean
of the abundance and species richness of species nesting and foraging within control and
urban wetlands were analyzed using a frequency distribution graph and a two-tailed
unpaired t-test.
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Figure 6. Marsh bird survey data sheet.

Background noise was documented at each observation point and ranked on a
scale of 0 to 4, as outlined in Conway’s Marsh Bird Survey Protocol. A score of zero
means no background noise, a score of one means faint noise (probably can not hear
some birds past 100 yards), a score of two means moderate background noise (probably
can not hear some birds past 50 yards), and a score of four represents significant
background noise (probably can not hear some birds past 25 yards) (Conway 2009).
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Wind was documented using the Beaufort scale, as provided in Conway’s Marsh
Bird Survey Protocol.

The Beaufort scale is a qualitative measure of wind speed

according to the following: A score of 0 means no wind and smoke rises vertically; a
score of 1 means wind direction can be identified by smoke drift; 2 means wind felt on
face and leaves are heard rustling; 3 means leaves and small twigs are in constant motion;
4 means wind raises dust and small paper and moves small limbs and branches; and 5
means small trees with leaves sway and waves crest on open water (Conway 2009).
Additional Information about the Study Wetlands
The control and urban wetlands are approximately 5.5 miles from each other. The
control wetlands are located within the Myakka River Drainage Basin and the urban
wetlands are located within the Sarasota/Lemon Bay Drainage Basin as determined by
the Southwest Florida Water Management District GIS Map Viewer. There are four
water bird rookery locations within five miles of the control wetlands (Figure 7). Three
of the four rookeries were determined by the Florida Fish and Wildlife Conservation
Commission (FWC) to be inactive in the 1990s. The most updated information from the
FWC identifies Rookery No. 615117 as active in the 1990s
(http://atoll.floridamarine.org/waterBirds/). This active
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Figure 7. Avian features surrounding the control and urban wetlands
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rookery is more than three miles west of the control wetlands. Two bald eagle nests are
approximately 10,000 feet north of the control wetlands and both of those nests have
been active within the past three years, according to the FWC Bald Eagle database
(https://public.myfwc.com/FWRI/EagleNests/nestlocator.aspx) (Figure 7). Three known
eagle nests are approximately 8500 feet south of the urban wetlands. According to
records from the FWC, two of the three nests were active within the past three years.
Data Analysis: Abundance and species richness was analyzed using the MannWhitney U test. Other environmental factors such as noise and wind were analyzed to
determine whether any statistically significant relationships occurred. A frequency
distribution of bird abundance observed per observation period reveled the data was
skewed (Figure 8; skewness = 1.66)

Figure 8. Frequency distribution of bird abundance per observation period.
During the majority of observation dates (69%), wind speeds were ranked 1 and 2
(n = 23).
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Chapter 4: Results

During the (dry) breeding season observation periods, there were a total of 26
different (non-marsh/wading) bird species identified during the study with an additional
two broad classifications of passerine or warbler listed when a call could not be identified
to species (Table 5a and 5b). Sixteen (16) of the 26 species were identified at the control
wetlands (62%), and 18 of the 26 species were identified at the urban wetlands (69%).
There were a total of 150 individual birds observed during the breeding season study
period. Sixty (60) of these birds were observed at control wetlands and the other ninety
(90) were observed at urban wetlands. However, when birds that were identified flying
over or adjacent to the wetlands are excluded from abundance counts, there were 41
individuals identified in control wetlands compared to 47 individuals identified in urban

Grey Catbirds

Red winged blackbird

pileated woodpecker

passerine

grackle

palm warbler

sandhill crane

Cardinal

blue grey gnatcatcher

mourning dove

American crow

barred owl

mockingbird

american bittern

wetlands.

Study Total

6

10

1

7

11

5

3

7

3

1

1

1

1

1

Total Control

2

2

0

3

0

2

2

2

1

0

0

1

0

0

Total Urban

4

8

1

4

11

3

1

5

2

1

1

0

1

1

Total Flyover Control

2

0

0

0

0

0

2

1

0

0

0

1

0

0

Total Flyover Urban

0

3

1

1

0

0

1

0

0

0

0

0

0

0

Table 5a. Avian abundance and species richness during the marsh bird breeding season
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blue jay

tree sparrows

warblers

nuthatches

carolina wren

Ducks

Black and white warbler

Osprey

Screech owl

Great crested fly catcher

Swifts

White Ibis

Great blue heron

Totals

35

21

4

7

7

1

2

1

2

2

1

2

150

0

0

19

4

6

7

1

1

1

2

2

0

2

60

6

35

2

0

1

0

0

1

0

0

0

1

0

90

0

0

0

0

0

0

7

0

1

1

0

2

0

2

19

0

0

35

0

0

0

0

0

1

0

0

0

1

0
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yellow rumped warbler

6

Study Total

1

Total Control

0

Total Urban

1

Total Flyover Control
Total Flyover Urban

Table 5b. Avian abundance and species richness during the marsh bird breeding season

Figure 9. Frequency distribution of the total number of wet season marsh birds observed.

A total of 13 individual marsh birds were identified in the control wetlands during
the wet season survey (Table 6). These individuals comprised three different species
(moorhen, coot and limpkin). Out of a total of six control wetland observations, marsh
birds were identified during five. A total of 13 individual marsh birds were identified in
the urban wetlands during the wet season survey (Figure 9). These individuals comprised
3 different species (bittern, coot and limpkin; Figure 10). Out of a total of six urban
wetland observations, marsh birds were identified during three.
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Moorhen

American Coot

Purple Gallinule

American bittern

Limpkin

Pied billed grebe

Black Rail

Sora

Least bittern

King rail

Clapper rail

Total Control

5

3

0

0

5

0

0

0

0

0

0

Total Urban

10

0

0

1

2

0

0

0

0

0

0

Table 6. Avian abundance and species richness during the wet season

Figure 10. Frequency distribution of the total number of wet season marsh bird species
observed.
Abundance
There was no statistically significant difference between the median abundance of
total birds found within, flying over or adjacent to the control and urban wetlands during
the dry season (Mann-Whitney U: χ2 = 0.1656; p = 0.6841; Figure 11).
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Figure 11. Comparison of breeding season bird abundance in urban and control wetlands

There was no statistically significant difference between the median abundance of
total birds found within the control and urban wetlands during the wet season (MannWhitney U: χ2 = 1.5221; p = 0.2173; Figure 12).
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Figure 12. Comparison of wet season bird abundance in urban and control wetlands
Species Richness
There was no statistically significant difference between the median species
richness of birds found in, flying over or adjacent to the control and urban wetlands
during the breeding season (Mann-Whitney U: χ2 = 0.8614; p = 0.3533; Figure 13).
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Figure 13. Comparison of nesting season species richness in urban and control wetlands

There was no statistically significant difference between the median species
richness of birds found in the control and urban wetlands during the wet season (MannWhitney U: χ2 = 0.7639; p = 0.3821; Figure 14).
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Figure 14. Comparison of wet season species richness in urban and control wetlands
At all 23 of the control wetland observations, the background noise was ranked
zero. At all 23 of the urban wetland site observations the background noise was ranked
two, indicating moderate noise and one would not be able to detect birds beyond 100
yards. Surprisingly, the noise associated with urban wetlands does not appear to have
impacted the number of birds observed because bird abundance in both urban and control
wetlands was almost the same.
Winds were documented at individual observation points ranging from zero
(smoke rises vertically) to three (leaves, small twigs in constant motion; light flag
remains extended). Wind rank had no statistically significant effect on the number of
birds per observation (Wilcoxon-Kruskal-Wallis test: X2 = 3.54; p = 0.315; Figure 15).
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Figure 15. Wind rank versus bird count per observation.
Two gray catbirds, known to prey on avian nests (Milks and Leptich, 1993) were
identified in the control wetlands during the study, and in the urban wetlands, four gray
catbirds, one American crow and six blue jays were identified. Two coyotes were
observed in Wetland 1 (Control) during the study, but no coyotes were seen in any other
wetland.
There were no marsh or wading birds identified within any of the wetlands at any
of the observation points during the breeding season. The control and urban wetlands
were without standing water during the breeding season, with the exception of standing
water in the roadside swale, adjacent to the southern edge of Wetland 3 (Urban) during
the four observations. Water was likely in the swales during the first observations due to
dewatering associated with the widening of Clark Road.
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Chapter Five: Discussion
There was no statistically significant difference between the control and urban
wetlands for both bird abundance and species richness. Further analysis revealed no
statistically significant difference between bird abundance and species richness when
compared to wind speed and background noise. Therefore, wind speed and background
noise did not play a role in this study.
The wetland buffers in each of the urban wetlands consist of shrub species,
particularly wax myrtle. Wax myrtle at the urban sites are dense and greater than six feet
tall, which provides a fairly effective buffer as it blocks some light and noise from
reaching the wetland system. Comparatively, the landscape adjacent to the control
wetlands consists of low saw palmetto and gallberry. These species are mostly less than
two feet tall and would classify as groundcover in MacArthur (1961) vegetative profiles.
Since the urban wetland buffers consist of an additional layer (groundcover + taller shrub
cover such as wax myrtle), urban wetlands contain more niches for birds to forage.
MacArthur (1964) also found that bird abundance is related to environment size. Since
all study wetlands are close to the same size, our results are consistent with previous
research in that there is no statistically significant difference in bird abundance between
the four study wetland systems.
Small, palustrine emergent wetlands are sensitive to water budget changes.
Impacts to water inputs such as drought, or outputs such as increased ET, reduce the
ability of a wetland to provide suitable foraging habitat for wading and marsh birds.
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Previous research has shown that optimal wading bird foraging occurs at a water depth of
between 3.9and 5.9 inches and indicates that the risk of nest predation in wetlands
decreases substantially when water is deeper than 15.7 inches. Anthropogenic impacts to
watersheds may alter a wetland’s hydroperiod and affect its ability to provide optimal
foraging.
Nest predation appears to be a major issue at both control and urban wetland sites.
Coyotes were observed in Wetland 1 (Control) and are known to opportunistically prey
on nesting bird eggs (Schrecengost et al. 2008). Since all study wetlands were dry during
the marsh bird breeding season, the lack of water may have allowed wild animals such as
coyotes and hogs to forage and prey on eggs or juvenile marsh birds in the control
wetlands. Wild animals such as coyotes and hogs are less frequently seen in urban or
suburban settings because of habitat fragmentation from road traffic and fencing,
increased noise, and greater exposure to harassment from humans. However, urban
wetlands often have domestic animals such as house cats, which often venture into
adjacent wetlands, impacting bird life (Batary and Baldi 2004). Predatory birds such as
the gray catbird, blue jay and American crow were observed at both urban wetlands,
which may indicate these species out compete marsh birds for nesting territory in the
urban setting during dry periods. These species may prefer urban settings because of a
commensal relationship with humans (scavenge in parking lot trashcans, dominate
residential bird feeders).
Water year 2012 started in October 2011 and ran through September 2012. Prior
to the nesting season observations (March and April), southwest Florida experienced
rainfall below the 30-year average (Figure 16). This lower than average rainfall resulted
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in fewer wetlands with standing water. Although historic stage data is not available for
study wetlands, the effects of drought are assumed to be observed at the wetlands, by the
absence of standing water.

20
18

Rainfall (inches)

16
14
12
Historical Rainfall (19712000)

10
8

Water Year 2012

6
4
2
0

Figure 16. A comparison of historic rainfall and water year 2012 rainfall (total inches per
month).
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Chapter Six: Conclusion
Florida’s wetland policy asks developers to maintain a minimum fifteen foot and
average twenty-five foot undisturbed buffer when they build near wetlands. If they do
not maintain such a buffer, regulators may demand wetland mitigation elsewhere. Yet
this policy is not supported by ecological research. Therefore, the purpose of this study
was to identify whether there is a difference in the abundance or species richness of avian
(specifically marsh bird) populations between natural and urban wetlands in southwest
Florida. My hypothesis was that urban wetlands support a smaller, less diverse avian
(specifically marsh bird) population than similar wetlands in a natural landscape. No
marsh birds were found in either the natural or urban wetlands in this study during the
relatively dry marsh bird nesting season. In addition, similar numbers of marsh birds
were observed foraging in both urban and natural wetlands during the wet season. When
comparing the number of observed avian species in natural and urban landscapes, there
was no statistically significant difference between the two types of wetlands.
This study also found no statistically significant evidence that small palustrine
emergent wetlands in southwest Florida surrounded by a natural landscape support a
greater abundance or species richness of marsh birds than similar wetlands surrounded by
a small upland buffer and urban development. Factors such as the absence of water and
the presence of a predator (coyote) likely contributed to this result, but these factors
require further investigation before one can conclude that small upland buffers
surrounding urban wetlands are sufficient for maintaining marsh bird populations.
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Furthermore, the results of this study are not applicable to larger wetlands, different types
of wetlands, different focal bird or animal species, or different uses by marsh birds (for
example nesting).
Small, palustrine emergent wetlands in rural and urban landscapes in southwest
Florida appear to support similar abundance and species richness of birds during the dry
season. Moreover, these wetlands provide optimal foraging habitat for marsh and wading
birds during the wet season. Since water dependent bird species have very specific water
depth requirements it is important for a landscape to have wetlands with various water
depths. Wetland regulators should consider these seasonal factors during the permitting
phase of a development project, when field personnel may only be able to perform a
single site visit and assessment during the dry season or during a drought.
This study suggests that the upland buffer was not effective at eliminating
roadway noise. Although noise did not appear to have an effect on the presence or
absence of bird species, the taller trees in the buffer may have countered the noise by
providing a larger number of niches than the low lying vegetation in the control (stay
consistent) wetlands. Further studies should investigate the presence or absence of bird
nests and the nesting success of birds in control versus urban (stay consistent) wetland
sites and compare urban wetlands with buffers that have low lying vegetation to those
that have taller buffer vegetation.
Wet season observations do not support the hypothesis that marsh birds utilize
rural wetlands more than urban wetlands for foraging. This study found no statistically
significant difference between the abundance and species richness of marsh birds in the
control and urban wetlands during the wet season.
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Future research should compare marsh bird populations in small, palustrine
emergent urban and control wetlands during the entire year, as opposed to the marsh bird
nesting season. This study found that water levels play an important role in determining
whether a bird species will forage in a wetland area. Future research should also focus on
correlating increased water levels to marsh bird populations at each site. Furthermore,
marsh bird nesting studies in southwest Florida should examine larger wetland systems
with a core area that maintains inundation throughout the year. For small palustrine
emergent wetland systems, researchers should focus on amphibian populations or
compare year-round foraging data.
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